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Summary
Background and purpose: Permanent right ventricular apical pacing can result in heart failure
due to ventricular mechanical dyssynchrony. The purpose of the study was to deﬁne differ-
ences in left ventricular dyssynchrony between high septal pacing and apical pacing using tissue
Doppler imaging (TDI) and two-dimensional (2D) speckle-tracking echocardiography (STE).
Methods: The subjects were 60 patients with normal left ventricular systolic function who
underwent implantation of a permanent pacemaker. Patients were divided into two groups
with high septal pacing (n = 36) and conventional right apical pacing (n = 24). Left ventricular
dyssynchrony wasmeasured using TDI and 2D-STE. The time difference (TD) between the earliest
and latest activated segments obtained from each systolic velocity curve by TDI was deﬁned
as TD-TDI. The time differences obtained from systolic strain curves obtained by 2D-STE were
deﬁned as TD-RS for radial strain, TD-CS for circumferential strain, and TD-LS for longitudinal
strain.
Results: The high septal pacing group had signiﬁcantly shorter TD-TDI (20.0± 24.3ms vs.
59.7± 43.0ms, p < 0.0001), TD-RS (13.5± 19.9ms vs. 45.8± 24.6ms, p < 0.0001), and TD-LS
(42.7± 22.0ms vs. 66.6± 26.8ms, p = 0.001) values compared to the apical pacing group. There
was no signiﬁcant difference in TD-CS between the two groups.
Conclusion: Left ventricular dyssynchrony was smaller in patients with high septal pacing. The
results show that 2D-STE is useful for detection of differences in left ventricular mechanical
dyssynchrony in patients with permanent pacemaker implantation, in addition to TDI.
© 2010 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights reserved.
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Introduction
Cardiac-pacemaker therapy is widely recognized as ben-
eﬁcial in the treatment of various types of symptomatic
bradycardia. However, right ventricular (RV) apical pacing
can result in progressive left ventricular (LV) dysfunction
and contribute to development of heart failure, in which
aberrant LV depolarization and mechanical dyssynchrony
ultimately lead to LV remodeling and abnormalities in sys-
tolic and diastolic function [1—6]. RV septal pacing may
be situated near the exit of the Purkinje network, where
the best sites regarding LV performance have been identi-
ﬁed [2,4], and several studies have found that high septal
pacing is superior to apical pacing [2—4]. Detection of LV
mechanical dyssynchrony is important in cardiac-pacemaker
therapy. Tops et al. reported that speckle-tracking radial
strain revealed LV dyssynchrony in patients with permanent
RV pacing [5]. However, their study did not report about
analysis of longitudinal or circumferential strain and tis-
sue Doppler imaging (TDI). There is limited information on
differences in LV dyssynchrony between high septal pacing
and apical pacing in patients with normal heart contraction.
Therefore, the purpose of this study was to investigate these
differences in LV dyssynchrony between high septal pacing
and apical pacing in patients with normal LV systolic func-
tion using TDI and two-dimensional (2D) speckle-tracking
echocardiography (STE) [7—11].
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Figure 1 Examples of RV lead positioning in (A) high septal pacin
anterior oblique view of 0◦ and the right panel shows a left anteriorpacing and apical pacing 45
ethods
opulation and study protocol
ixty patients undergoing implantation of a permanent pace-
aker with normal LV systolic function were enrolled in
he study. Our institute changed the policy of pacemaker
mplantation from the conventional apical pacing to the
igh septal pacing in the second year of the study period.
e enrolled 36 consecutive patients receiving apical pacing
n the ﬁrst year and 24 patients with apical pacing in the
resent study. Patients with LV systolic dysfunction with an
jection fraction of <50%, myocardial infarction, or valvu-
ar disorders were excluded from the study. The causative
isease was sick sinus syndrome (SSS) in 15 cases and atri-
ventricular (AV) block in 21 in the high septal pacing group,
nd SSS in 5 cases and AV block in 19 in the apical pacing
roup. LV dyssynchrony was measured using TDI and 2D-
TE. Echocardiographic data were obtained within one week
fter permanent pacemaker implantation.acemaker implantation
onventional dual-chamber pacemakers with an inactivated
ate response function (DDD mode) were used with a backup
trial pacing rate of 60 bpm, a PV delay of 80ms, and
g and (B) apical pacing. In each, the left panel shows a right
oblique view of 60◦. RA, right atrium; RV, right ventricle.
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[igure 2 Example of TD-TDI analysis of the time difference
urves. TD, time difference; TDI, tissue Doppler imaging.
n AV delay of 100ms to prevent a fusion beat by pac-
ng and spontaneous rhythm. The ventricular lead was
crewed into the right posterior wall under the RV out-
ow tract in patients in the high septal pacing group
Fig. 1A) and into the right apex in those in the api-
al pacing group (Fig. 1B). In Fig. 1A and B, the left
ide shows the right anterior oblique view at 0◦ and the
ight side shows the left anterior oblique view at 60◦.
ll atrial pacing leads were positioned in the right atrial
ppendage.
chocardiographychocardiographic studies were performed using commer-
ially available equipment (Vivid-7, GE Vingmed Ultrasound,
orten, Norway) with the patient in the left lateral decu-
itus position. Images were obtained using a 3.5—4.0MHz
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Table 1 Characteristics of the patients.
High septal pacing
Age (years) 72.9± 13.9
Male (%) 21 (58%)
LVDd (mm) 47.4± 5.6
EF (%) 68.2± 6.7
Sa (cm/s) 8.5± 1.8
Other disease
Hypertension 14 (38%)
Diabetes 6 (16%)
QRS duration after implantation (ms) 127.1± 26.8
Causative disease 15 SSS 21 AV block
Data are shown as a number (%) or mean± S.D. LVDd, left ventricular d
sick sinus syndrome; AV block, atrioventricular block.ween the earliest and latest regions of peak systolic velocity
ransducer at the parasternal short axis with apical 4-
hamber views [9].
issue Doppler imaging
DI analysis was performed on digitally stored images. All
mages were recorded and analyzed by commercially avail-
ble software (EchoPac PC BT06, GE Vingmed Ultrasound)
12]. To determine LV dyssynchrony by color-coded TDI, the
egion of interest was placed on the basal and mid-LV areas
t the septum and lateral wall using apical 4-chamber views
13]. The time difference (TD) between the earliest and lat-
st regions in the peak systolic velocity curves in ejection
hase was calculated as TD-TDI [14]. A representative case
f TD-TDI analysis is shown in Fig. 2. A 6-mm sample volume
t the lateral corner of the mitral annulus was used for the
pical 4-chamber view. Annular velocities were displayed in
n = 36 (%) Apical pacing n = 24 (%) p-Value
75.4± 11.3 NS
11 (46%) NS
45.2± 5.3 NS
72.2± 5.2 <0.05
8.2± 1.8 NS
8 (33%) NS
3 (12%) NS
146.6± 27.2 0.0089
5 SSS 19 AV block
iastolic diameter; EF, ejection fraction; Sa, systolic annular; SSS,
ptal pacing and apical pacing 47
Figure 3 Examples of 2D-STE analysis showing representative
cases for (A) radial, (B) circumferential, and (C) longitudinal
strain curves in analysis of the time difference between the
earliest and latest regions of peak systolic strain curves of 6
L
d
1
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spectral pulsed-wave TDI and the early peak systolic annular
velocity (Sa) was determined from the TDI recordings.
2D speckle-tracking strain analysis
Speckle-tracking strain analysis was performed on digitally
stored images. All images were recorded at a rate of at least
40 frames/s to allow for reliable operation of the software
(EchoPac PC BT06) [12]. Radial and circumferential strain
were assessed on LV short axis images at the papillary mus-
cle level with speckle-tracking analysis. Longitudinal strain
was assessed on 4-chamber images. The endocardium traced
by 2D-STE is automatically divided into 6 standard segments
[5]. The time difference between the earliest and latest
parts of the peak systolic strain curve for the 6 LV segments
obtained by 2D-STE was deﬁned as TD-RS for radial strain,
TD-CS for circumferential strain, and TD-LS for longitudinal
strain.
Statistical analysis
Data are expressed as means± SD. A Student’s t-test was
used to compare continuous variables and a 2 test was used
for categorical variables. A value of p < 0.05 was considered
to indicate statistical signiﬁcance.
Results
Sixty-four patients undergoing implantation of a permanent
pacemaker with normal LV systolic function were enrolled
in the study. Four patients were subsequently excluded
because the echocardiogram image quality was unsuitable
for quantitative TD-TDI analysis. The characteristics of
the patients in the high septal pacing and apical pacing
groups are shown in Table 1. Mean age (72.9± 13.9 years
vs. 75.4± 11.3 years), LV diastolic diameter (47.4± 5.6mm
vs. 45.2± 5.3mm), Sa (8.5± 1.8 cm/s vs. 8.2± 1.8 cm/s),
gender, and frequencies of hypertension and diabetes did
not differ signiﬁcantly between the two groups. The ejec-
tion fraction in the high septal pacing group was lower
(68.2± 6.7% vs. 72.2± 5.2%, p < 0.05) and the QRS dura-
tion after implantation was shorter (127.1± 26.8ms vs.
146.6± 27.2ms, p = 0.0089) compared to the respective val-
ues in the apical pacing group. Representative cases of these
analyses are shown in Fig. 3A—C, respectively [15]. In a rep-
resentative apical pacing case, the time difference between
the peak basal septal and the peak basal lateral velocities
in the TD-TDI analysis was 120ms (Fig. 4A). In the high sep-
tal pacing group, this time difference was 10ms (Fig. 4B).
TD-TDI in the high septal pacing group was signiﬁcantly
shorter than that in the apical pacing group (20.0± 24.3ms
vs. 59.7± 43.0ms, p < 0.0001) (Fig. 5).
Of the 60 patients evaluated in the TD-TDI analysis,
8 were excluded from the 2D-STE analysis because the
echocardiogram image quality was unsuitable for quanti-
tative 2D-STE analysis. In the apical pacing group, TD-RS
between the earliest (anteroseptal segment) and latest
(posterolateral segment) activated segments was 118ms
(Fig. 4C) [15]. In the high septal pacing group, TD-RS
between the earliest and latest activated segments was
i
T
g
C
(V segments. STE, speckle-tracking echocardiography; TD, time
ifference; LV, left ventricular.
2ms (Fig. 4D) [15]. TD-RS in the high septal pacing
roup was signiﬁcantly shorter than in the apical pac-
ng group (13.5± 19.9ms vs. 45.8± 24.6ms, p < 0.0001).
D-LS was also signiﬁcantly shorter in the septal pacing
roup (42.7± 22.0ms vs. 66.6± 26.8ms, p = 0.001), but TD-
S did not differ signiﬁcantly between the two groups
45.1± 23.7ms vs. 53.6± 25.9ms, NS) (Fig. 6).
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Figure 4 Examples of TD-TDI and 2D-STE analyses. (A) In the apical pacing group, the time difference between the peak basal
septal (yellow) and peak basal lateral (red) velocity was 120ms. (B) In the high septal pacing group, this time difference was 10ms.
(C) In the apical pacing group, TD-RS between the earliest (yellow: anteroseptal segment) and latest (light green: posterolateral
segment) activated segments was 118ms. (D) In the high septal paci
green) activated segments was 12ms. TD, time difference; TDI, tis
RS, radial strain.
Figure 5 Time differences obtained by TDI analysis in the high
septal pacing and apical pacing groups. TD-TDI in the high septal
pacing group was signiﬁcantly shorter than in the apical pacing
group (20.0± 24.3ms vs. 59.7± 43.0ms, p < 0.0001). TDI, tissue
Doppler imaging; TD, time difference.
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iscussion
revious studies have found that RV apical pacing is associ-
ted with LV dyssynchrony and deterioration of LV systolic
nd diastolic function [1—5]. Flevari et al. reported that LV
yssynchrony was smaller in patients with high septal pacing
nd normal LV systolic function based on TDI at 12 months
2], and Tops et al. found that 2D-STE enables detailed eval-
ation of LV mechanical dyssynchrony in apical pacing [4].
se et al. reported that septal pacing prevented long-
erm deleterious effects of apical pacing on myocardial
erfusion and function at 18 months in patients with abnor-
al LV systolic function [16], and Mera et al. showed
hat septal pacing was associated with better LV func-
ion compared to apical pacing in patients with abnormal
V systolic function at 2 months [17]. Differences in LV
yssynchrony between high septal pacing and apical pac-
ng within one week after pacemaker implantation have not
een examined using both TDI and STE analysis in previous
tudies. In the current study, LV dyssynchrony was smaller
n patients with high septal pacing compared to patients
ith apical pacing, which may suggest that high septal
Differences in left ventricular dyssynchrony between high septal pacing and apical pacing 49
Figure 6 Time differences obtained by 2D-STE analysis in the high septal pacing and apical pacing groups. (A) TD-RS in the high
septal pacing group was signiﬁcantly shorter than in the apical pacing group (13.5± 19.9ms vs. 45.8± 24.6ms, p < 0.0001). (B) TD-LS
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win the 4-chamber view was also signiﬁcantly shorter in the sep
There was no signiﬁcant difference in TD-CS between the two g
echocardiography; TD, time difference; RS, radial strain; LS, lo
pacing has less inﬂuence on cardiac function than apical
pacing.
Our study showed that TD-TDI in the high septal pac-
ing group was signiﬁcantly shorter than in the apical pacing
group. Measurement of regional longitudinal myocardial
electrical—mechanical events at the base of the heart
using velocity data acquired with TDI has been pro-
posed to enhance identiﬁcation of mechanical dyssynchrony
[7,15,18]. 2D-STE may be a superior approach, because
TDI is particularly affected by translational and tether-
ing effects, and angle-dependency [19]. However, previous
analyses have focused on patients with low cardiac function,
heart failure, and old myocardial infarction [7], and TDI was
able to detect differences in LV mechanical dyssynchrony
between two groups in our study.
The architecture and contractile function of the left ven-
tricle are complex, since differences in timing of contraction
occur not only between segments and walls, but also
between longitudinal and radial shortening within the same
segment [10]. 2D-STE images allow angle-independent mea-
surement and multidirectional assessment of LV mechanics
and function, allowing examination of various impor-
tant features [4,19,20]. Many studies have shown that
speckle-tracking radial strain analysis allows identiﬁcation
of potential responders to cardiac resynchronization therapy
(CRT) [5,9,20—22]. Furthermore, longitudinal strain anal-
ysis has also been proposed to be useful for detection of
LV mechanical dyssynchrony in CRT [4,10,13]. Similarly, our
study shows that radial and longitudinal strain analysis dif-
ferentiate LV dyssynchrony between apical pacing and high
septal pacing.
Since the change of myocardial layers during the car-
diac cycle is related to LV deformation in 3 directions
(radial thickening, circumferential shortening, and longitu-
dinal shortening) [23], it is theoretically useful to assess
dyssynchrony using RS, CS, and LS. However, TD-CS did not
differ signiﬁcantly between the two groups in our study. Del-
gado et al. suggested that evaluation of LV dyssynchrony by
RS with speckle tracking may provide more information in a
single assessment than CS and LS can provide separately [9].
But there was no discussion about CS analysis in their study.
We could not deﬁne the mechanical difference between
apical pacing and high septal pacing by circumferential
Racing group (42.7± 22.0ms vs. 66.6± 26.8ms, p = 0.001). (C)
s (45.1± 23.7ms vs. 53.6± 25.9ms, NS). STE, speckle-tracking
dinal strain; CS, circumferential strain.
train. Our results suggest that it may be hard to detect the
yssynchrony by apical pacing in the circumferential direc-
ion. Furthermore, in the present study, we suppose that
here was some limitation to measure the time difference
btained from circumferential systolic strain curve com-
ared with radial or longitudinal strain, because of equivocal
train curves with more than one or two peak systolic strains.
hese reasons may have affected our results.
The current study has several limitations. Patient selec-
ion was not randomized in formation of the two groups.
V dyssynchrony was measured using TDI and 2D-STE over a
hort time, and the long-term results are unknown. Tracking
f acoustic markers in 2D echocardiographic images was not
ossible in all segments, which may have caused the seg-
ent with peak systolic contraction to have been missed in
ome patients. TDI and LS analysis by 2D-STE also have some
yocardial structural limitations because 22 patients in the
igh septal group and 14 patients in the apical pacing group
ad a sigmoid septum. These factors may have affected the
tatistical analysis.
onclusion
DI and 2D-STE analysis showed that LV dyssynchrony was
maller in patients with high septal pacing compared to
hose with apical pacing in a population with normal LV sys-
olic function. These results show that measurement of time
ifferences using 2D-STE analysis of radial and longitudinal
train is useful for detection of differences in LV mechan-
cal dyssynchrony in patients with permanent pacemaker
mplantation in addition to TDI analysis.
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